Abstract. Coloured Moericke water pan traps were used to determine the effect of colour on the preference behaviour of butterflies (Lepidoptera: Hesperioidea, Papilionoidea) over the period 2001 to 2003 in grassland habitats in Eastern Slovakia (Košická kotlina basin). A total of 912 individuals belonging to 53 species and 7 families of butterflies were trapped. The colour of the traps that caught the most butterflies was white, followed by blue, violet, yellow and finally the least were caught by red coloured traps. Ordination analysis showed that some butterfly families and species were more likely to be caught by traps of a specific colour. Measurements of the wavelengths of the colours used revealed that butterflies preferred short-wavelengths light. The effect of colour on the catches did not differ significantly among the sites. The butterflies were more likely to be caught by traps of a certain colour even though the other features of the traps were the same.
INTRODUCTION
Many insects utilise the pollen and nectar of flowers. Flowers are an unreliable and scattered food source in certain habitats and therefore, insects need to have sensory systems and a learning capacity suitable for them to forage efficiently. This ability allows them to distinguish well-known from unfamiliar flowers or profitable from an unprofitable food sources (Chittka & Menzel, 1992) . Plants require more than the occasional visit from pollinators, therefore they have evolved sets of characters that are understandable to insects, which are meant to be attracted. Thus, plants and pollinators are able to communicate with each other (Prajakta et al., 2009) . Herbivorous insects searching for a food source base their choices on a variety of criteria, including CO2 concentration (Stange, 1997) and colour (Kinoshita et al., 1999; Spaethe et al., 2001; Chittka & Raine, 2006) . In addition to olfactory discrimination visual recognition seems to be equally important and according to Chittka & Menzel (1992) colour vision may be the most important means of locating flowers from a distance, because odour is unlikely to reach as far and given the relatively poor three-dimensional resolution of an insect eye, floral shape or a pattern also cannot be distinguished from afar. Plants thus might use colours as long distance signals for attracting mutualists and repelling antagonists. Therefore, we decided to determine whether colour is one of the main factors influencing the behaviour of adult butterflies searching for a food source.
An essential prerequisite for this ability is a colour vision that enables them to differentiate between flowers of different species (Chittka & Menzel, 1992) . Insect eyes contain specific sets of photosensitive cells that determine their colour vision abilities.
All the insects that have been examined have at least two different types of receptor, one sensitive to the ultraviolet part of the spectrum (maximum sensitivity close to 350 nm) and the other sensitive to green (maximum sensitivity at ca. 540 nm). This enables them to compare the long and short-wavelength parts of the spectrum. Most insects have an additional receptor that is sensitive to blue with maximum sensitivity at ca. 440 nm (Kelber, 2001 ). The existence of more than three different types of receptor cells with different spectral sensitivities in a compound eye is indicated by the pentachromatic colour vision system in the Japanese Yellow Swallowtail butterfly, Papilio xuthus (Lepidoptera, Papilionidae), which was first described by Arikawa et al. (1987) .
The perception of colour varies among various insects orders. For instance, uv-blue (around 410 nm) is preferred by naive honeybee foragers (Hymenoptera: Apidae), whereas naive bumblebees (Hymenoptera: Apidae) have a particular preference for wavelengths between 400 and 420 nm (Giurfa et al., 1995; Gumbert, 2000) . On the other hand, red is an attractive colour for females of common thrips (Thysanoptera: Thripidae) (Yaku et al., 2007) . Host seeking tabanid flies (Diptera: Tabanidae) are also attracted to red, but also to blue and black (Sasaki, 2001) . Researchers studying Diptera are aware that yellow (Moericke, 1951) or yellow and white (Straka et al., 2010) are the most attractive for many dipteran groups. Hence, even traps designed to imitate flowers are usually yellow (Grissel & Schauff, 1997b; Rohá ek et al., 1998; Beneš et al., 2000; Kocourek et al., 2002) . Only a few studies have used trap colours other than yellow. Bäschli & Blasco-Zumeta (1995) and zur Strassen et al. (1997) used different coloured traps in their studies on Thysanoptera and Diptera, but do not mention flower colour preference.
The visual appearance of flowers especially their colour, seems to be critical for an important nectarfeeding group, the butterflies (Ilse, 1928; Goulson & Cory, 1993; Weiss, 1995a) . Ilse (1928) demonstrated that butterflies have an inborn preference for a certain colour and moreover preferences differ among butterfly families. An exquisite example of colour selection is that of butterfly preference for the flowers of the woody shrub Lantana camara L. (Verbenaceae), the flowers of which undergo a dramatic change in colour and reward level. Newly opened L. camara flowers are yellow and provide a nectar reward and are thereby attractive to butterflies that pollinate them; older flowers, while still fresh and in bloom, turn red and do not contain any nectar (Weiss, 1995b) . In another study of colour choices made by butterflies, Papilio aegeus females prefer to oviposit on substrates that look green to humans. The green receptor has a positive influence on ovipositing females, therefore, females lay their eggs on young leaves, which are indeed the best food for a young caterpillar (Kelber, 1999) .
There are many studies that support the theory that flower colour has some influence on the behaviour of many species of insects. The few records on the flower colour preferences of butterflies in Central Europe induced us to carry out a field test using various coloured water pan traps. Using this method we captured relatively large numbers of butterflies and used ordination analyses of the catches to investigate the preferences for particular colours of butterflies at the family and species levels.
MATERIAL AND METHODS
The study site is located in the Košice basin (Eastern Slovakia, Western Carpathians), near the village of Beniakovce, 4 km northwest of Košice (48°46´N, 21°18´E; altitude: 300 m) and on a northeast-oriented gentle slope on an abandoned pasture adjoining a forest. The herbaceous vegetation is partly ruderalised. The main nectar sources are Agrimonia eupatoria, Achillea millefolium, Cirsium arvense, Dianthus deltoides, Epilobium angustifolium, Fragaria vesca, Galium verum, Glechoma hederacea, Hieracium umbellatum, Hypericum perforatum In an area of approximately 20 ha, 10 groups of Moericke water pan traps (Moericke, 1951) for capturing insects were installed. The traps were made of plastic pans (upper diameter: 12 cm, depth 6 cm) for vegetable butter, painted in one of 5 colours (DUPLI-COLOR -colour spray): white, yellow, blue, violet or red inside and green outside. Water with detergent (1 mL per 1 L of water) was poured into the traps until the depth of water was about 2 cm (Beneš et al., 2000) . Odourless detergent was used to reduce the surface tension of the water. The traps were placed on a 30 cm long wire holder, at the same level as the surrounding vegetation.
The traps were exposed for ten days each month from May to September, and this was repeated for three years (2001) (2002) (2003) . They were distributed with the aim of having traps in all the habitats at the study site: xero-mesophilous grassland, edge of an oak-hornbeam forest and extensive shrubwood. In each habitat, five traps of different colours were placed in an area of 2 m in the form of a square, with the fith trap at the intersection of the squares diagonals. The groups of traps were placed at the same place throughout the research, but the distribution of traps within the groups was varied.
The trapped material was checked and collected at 2 day intervals, and the water with detergent in the traps top-upped. During the checks, the contents of traps were sieved, individual Lepidoptera separated and recorded according to species and colour of the trap.
The UV-Vis spectra of the colours used were measured using a SPECORD® S 300 UV VIS spectrophotometer in acetone in a quartz cuvette (1 cm path length) at 25°C. The peaks (representing the monochromatic elements of the colours) for each colour were identified.
The effect of the different time of trapping (month and year) and different coloured traps on number of Lepidoptera caught were tested using the Main-effect ANOVA and post hoc Fisher LSD multiple range test in STATISTICA 9.0 (StatSoft, Inc., 2009). A similar analysis was done with species as the extra factor. The data that did not meet the requirements for parametric statistical tests, were log transformed [ln (x + 1)] in order to fit ANOVA assumptions (normal distribution and homogeneity of variances).
The possible effect on the colour preferences of the butterflies of the incidence of different coloured flowers was also taken into account. Relations between attractiveness of traps of different colours for the butterflies and the incidence of flowers of different colours were analysed using Spearman's rank correlation coefficient.
To study the colour preference of individual butterfly families and species, untransformed family and species data were assessed using the PCA ordination method (as the length of the gradient using the DCA method was 1.57 and 0.92, respectively) in CANOCO (ter Braak & Šmilauer, 2002) . In this case the scaling focused on inter-species correlations and species scores were divided by standard deviation and centering by species. Sixteen infrequent species (only one individual captured in a particular coloured traps during the tracking period) were not included in the ordination analysis. Species arrow shows the direction of steepest increase in values for the corresponding species, the closer the heads of arrows, the more positively correlated are the species. Species that are closer to the colour indicator correlate positively, i.e. they have an obvious preference for a specific colour. The colour similarity according to Lepidoptera species trapped in coloured traps was evaluated using cluster analysis (Complete linkage method, Euclidean distance) using STATISTICA 9.0 (StatSoft, Inc., 2009).
RESULTS
Throughout the duration of the trapping period, 912 individuals belonging to 53 species and 6 families of butterflies (Lepidoptera: Hesperioidea, Papilionoidea) were captured (Table 1) . Of the most abundant species, Melitaea athalia (with total dominance 22.59% -206 indiv.) dominated the total catch, followed by Pieris rapae (12.39% -113 indiv.), Maniola jurtina (9.65% -88 indiv.), Coenonympha pamphilus (5.48% -50 indiv.), Coenonympha glycerion (5.26% -48 indiv.) and Thymelicus lineola (5.26% -48 indiv.). Occurrence of other species was below 5%. 9  13  20  18  23  8  10  17  15  12  8  11  7  14  15  Species together in each colour   336  35  63  73  73  92  364  53  35  75  79  122  212  21  25  17  33  116 Total The white coloured traps caught most butterflies (330 individuals) followed by blue (185), violet (165), yellow (123) and red (109). The effect of colour on the numbers of butterflies caught did not differ significantly among the sites. However, the traps of different colours did not catch similar but different numbers of individuals of each species of butterfly (Fig. 1) . When we consider the preference for a particular colour at the species level, our results are as follows: 30 of the 53 species were caught by blue traps, 30 by violet traps, 24 by white traps, 19 by yellow traps and 18 by red traps. Fig. 2 presents an overview of the number of species and individuals captured by traps of a particular colour.
Main-effect ANOVA showed that number of Lepidoptera trapped was significantly influenced by month (F(4, 66) = 6.67, P < 0.001). The effects of year (F(2, 64) = 2.66, P = 0.078) and colour (F(4, 64) = 2.37, P = 0.066) were not statistically significant. The Main-effect ANOVA with species as the extra added factor gave slightly different results. It confirmed influence of colour (F(4, 782) = 6.8230, P < 0.0001), month (F(4, 782) = 4.8714, P < 0.001) and species (F(52, 782) = 2.3926, P < 0.00001), but not of the year (F(2, 782) =2.5632, P = 0.078). The Fisher post hoc test showed that the size of the catches of white coloured traps differed from those of the other traps (P < 0.05). The overview of number of Lepidoptera caught by the different coloured traps is given in the boxplot diagram (Fig. 3) , which also reveals that the white coloured traps caught more butterflies than the other coloured traps.
Biplot ordination diagram based on PCA of the numbers of butterflies caught by different coloured traps is given in Fig. 4 . The first axis explains about 82% of the variance in total species and clearly separates white coloured traps from the rest. The second axis explains about 11% of the variance. White coloured traps thus caught most of the butterfly species. Pieris rapae (total caught 113 of which 103 were caught by white traps) exhibited a clear preference for white flowers, as did Pieris napi (total caught 18 of which 15 were caught by white traps), Hamaeris lucina (total caught 4 of which all were caught by white traps) and Pieris brassicae (total caught 4 of which 3 were caught by white traps). In terms of the attractiveness of different colours for butterflies, blue and violet are interesting because almost similar numbers of some species were caught by both blue and violet pan traps and some species were not caught by traps of any other colour besides blue and violet. Examples include Pyrgus malvae (blue -7, violet -9, of the 19 caught) and Ochlodes venatus (blue -15, violet -8, of the 23 caught). Yellow traps were penultimate regarding colour attraction with only one species, Aphantopus hyperantus, markedly attracted to this colour (yellow -18, of the 23 caught).
Although red coloured traps caught the fewest butterflies, three species showed a clear preference for this colour, Plebeius argus and Maculinea arion and Boloria dia, of which 30 of the total of 76 individuals were caught by red coloured traps.
Principal component analysis shows that for most families there is a positive attraction to a specific colour (Fig.  5) . Spacial interrelations in the attractiveness of particular coloured traps are mostly similar to those in Fig. 4 . The directions of arrows for the different families reflect those of the species belonging to those families in that they indicate the same coloured traps. Pieridae and Riodinidae (though the latter is only represented by a single species, Hamearis lucina) displayed a strong preference for white. A clear preference for a particular colour was recorded for the family Hesperidae. Over the course of this study 100 individuals belonging to this family were captured of which 43 were caught by blue coloured traps. The remaining families did not show a clear preference for any particular colour. Individuals of the family Papilionidae were attracted to two colours: blue and yellow, and Nymphalidae probably mainly feed on nectar from white and blue coloured flowers and Lycaenidae on that from white, yellow and red flowers. Table 1 . Fig. 3 . Number of Lepidoptera per various coloured traps. Square -median; box -percentiles (25%, 75%); whisker -nonoutlier min, non-outlier max; * -extreme outliers. Abbreviations for colours: B -blue, R -red, V -violet, W -white, Yyellow. The most common flower colours in the study area were yellow, followed by white, violet and blue and the least common was red. The Spearman's rank correlation coefficient indicates there is no significant correlation between numbers caught and the incidence of flowers of different colours (r < 0.2, P > 0.05, df = 167).
The results of the spectral measurements of the colours used showed that they were not monochromatic. Generally, in all colours used there was a certain peak in the UV part of the spectrum. This might indicate that butterflies are attracted most by the short-wavelength reflectance of colours, mainly to the white colour which absorbs UV and appearing to be strongly chromatic (namely blue) (Fig. 6) 
DISCUSSION
When we consider colour preference at the species level, 30 of the 53 species were caught by blue and violet, 24 by white and only 18 by red traps. The numbers of species caught by yellow traps are also interesting. Beneš et al. (2000) used yellow-coloured pan traps to sample Lepidoptera. In our study, yellow traps surprisingly were the next-to-last in catching only 19 of the 53 species. The yellow traps, however, caught the highest numbers of Hymenoptera and Diptera.
The spectral reflectance measurements indicate that butterflies may when searching for a food source respond to the short-wavelength light reflected from flower petals. It is partially confirmed by the numbers of individuals caught by the traps sprayed with colours that reflect light over the entire short wavelength of the spectrum (white -330, blue -185, violet -165, yellow-123, whereas in red traps -109) .
Ilse (1928) demonstrated that butterflies have inborn preferences for certain colours and that these preferences differ among butterfly families. Our results support this observation as follows: Pieridae and Riodinidae are attracted by white, Hesperidae by blue and Papilionidae by blue and yellow. The remaining families (Lycaenidae and Nymphalidae) do not display a specific colour preference. An interesting discovery revealed by the PCA is that Pieridae and Riodinidae displayed similar values of maximum spectral sensitivity to the same colours as previously reported by Briscoe & Chittka (2001) .
As shown by Frentiu & Briscoe (2008) , the absorbance spectra of butterflies vary from 340-600 nm. White was the most frequently visited colour, probably because it is best perceived colour by butterflies. This reflectance range is recorded for several wavelengths, but since it absorbs UV, it appears strongly chromatic (namely blue). The absence of red receptor cells in the eyes of some species may account for the red traps catching the fewest butterlies. Most day-active and nocturnal Lepidoptera have a colour vision system based on three or four types of colour receptor cells, which cover the spectral region from UV to red, however having a red receptor does not seem to be a requirement for day-time activity (Briscoe & Chittka, 2001 ). The day-active flower-feeding sphingid moth Macroglossum stellatarum, for instance, lacks red receptors, while they are present in the nocturnal noctuid moth Spodoptera exempta. The red receptors appear to be lost or ineffective in members of the butterfly family Nymphalidae. According to the hypothesis that the environment molds photoreceptor spectral sensitivity, such a loss has perhaps occurred repeatedly several times in butterfly phylogeny. Chittka et al. (1994) report the most frequent and less frequent types of floral spectral reflection functions. The colour reflectances of flower petals have the same character as our measurements. Our spectral measurement showed that spectral reflection functions were not randomly distributed over the spectrum; they had a sharp peak at different wavelengths. White, blue and violet colours were the most attractive for the butterflies. These colours had significant peaks in the blue part of the spectrum. The presence of UV and blue receptors in butterflies could have therefore played a significant role in their choice of colours.
Foraging experience may enable butterflies to modify their colour preference. However, preferential behaviour of flower visitors towards floral colours may develop for different reasons. Inborn colour preferences represent phylogenetic adaptations of species, which function prior to an individual gaining experience from visiting flowers. They respond to foraging signals, independently of the actual reward. Individuals can temporarily acquire a colour preference, but this depends on the learning abilities of these animals and on the rewards provided by different food sources (Lunau & Maier, 1995) .
Although the finding, recognition, acceptance and rejection of a host plant, initiation and maintenance of feeding and selection of an oviposition site are very different actions, they have one thing in common (Szentesi, 2002) . Each represents an event for which inputs affect the behaviour. This is important at this level of resolution, although it is assumed that physiological feedback, e.g., experience, modifies behaviour. For this reason, we also thought it was likely that the colour of the flowers of the plants occurring at a given locality could also affect the colour preferences. In Central Europe, the most commonly occurring flowers are white, followed by yellow, violet, red and finally blue flowers (Sláviková, 1996) . White flowers are more abundant in high mountains (39%) than lowlands (23%), red flowers are equally abundant at any altitude and blue flowers prevail in the lowlands and yellow flowers in alpine areas high in mountainous regions (Sláviková, 1996) . The most common flower colours at our study site were yellow, followed by white, violet, blue and red. There was no correlation between the abundance of flowers of different colours and their attractiveness for the butterflies, although it should be born in mind that categorisation of flower colours by human observers is of a limited value when studying animals with a different colour vision. In species with an additional red receptor, this receptor is involved in creating a preference for colours that appear green to a human observer (Kelber, 1999 (Kelber, , 2001 ).
Although we examined the preference of butterflies for food sources of a particular colour, their preferences may be also determined by the flowers mimicking or being similar to the wing-colour of the opposite sex. In butterflies wing colour is a more striking morphological character than in most other animals. Because wing colour in butterflies is very prominent and varies greatly, it is thought to play a role in, e.g. aposematism, mimicry, species recognition and in the distinction between sexes. The wing surfaces of many species, including Pierids, Nymphalids and Lycaenids have specific pattern that only appear in UV light (Silberglied, 1979; Meyer-Rochow, 1991) .
CONCLUSION
There are few studies on the colour preference of a broad-spectrum of day-active Lepidoptera inhabiting Central Europe. Colour is seen, used and prioritized by butterflies for different reasons, and clearly influences the behaviour of the species and families of Lepidoptera. The most likely explanation for colour prioritizing is an inborn preference for a particular short-wavelength of light. The results presented indicate that the presence of a UV photoreceptor that perceives UV-reflectance and absence of a red photoreceptor may greatly influence the attractiveness of certain coloured flowers for butterflies.
